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Abstract
,QRUGHUWRREWDLQLQIRUPDWLRQRQWKHELRORJ\RIWKHPDVNHGFKDIHU Cyclocephala pasadenae
&ROHRSWHUD6FDUDEDHLGDHDQGWRGHWHUPLQHWKHGDWHZKHQRIWKHSRSXODWLRQLVFDSWXUHGLQOLJKW
WUDSVILHOGGDWDZHUHREWDLQHGGXULQJ\HDUVLQ$OEXTXHUTXH1HZ0H[LFR&DSWXUHRIWKHRIWKH
PDVNHGFKDIHUSRSXODWLRQRFFXUUHGDSSUR[LPDWHO\GXULQJWKHWKLUGZHHNRI-XO\RIWKLVRQHJHQHUDWLRQ
SHU\HDULQVHFW7RUHGXFHWKHQHHGIRULQWHQVLYHVDPSOLQJDQGWRREWDLQDSUHGLFWDEOHPRGHOIRUWKH
FDSWXUHRIWKLVSHVWGDWDZHUHDQDO\]HGXVLQJWUDSH]RLGDOQXPHULFDOLQWHJUDWLRQWRHVWLPDWHERWKDORZHU
WKUHVKROGDQGGHJUHHGD\VWRSUHGLFWWKHFDSWXUHGDWH$PDWKHPDWLFDOPRGHOEDVHGRQILHOGGDWD
DFFRXQWHGIRUWKHLQIOXHQFHRIQDWXUDOHQYLURQPHQWDOFRQGLWLRQVRQGHYHORSPHQWDQGSUHGLFWHG
FDSWXUHGDWHVZLWKLQ±GD\VRIZKDWZDVDFWXDOO\REVHUYHGIURPWKHILHOG7KHGLIIHUHQFHEHWZHHQ
SUHGLFWLRQVIURPILHOGGDWDLVVPDOOHUWKDQXVLQJHVWLPDWHVIURPODERUDWRU\FRQWUROOHGH[SHULPHQWV7KH
PRGHOSUHVHQWHGKHUHFRXOGVHUYHDVDQDFFXUDWHHVWLPDWRURIWKHDSSURSULDWHWLPLQJWRLPSOHPHQW
FRQWUROPHDVXUHVRIWKLVLPSRUWDQWWXUIJUDVVSHVW
.H\ZRUGVWXUIJUDVVGHJUHHGD\VPRGHO
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7XUIJUDVV LV WKH PRVW LPSRUWDQW YHJHWDWLYH
FRPSRQHQW RI PDQ\ XUEDQ ODQGVFDSHV ,Q
$OEXTXHUTXH 1HZ 0H[LFR LW FRYHUHG  RI
WKH FLW\¶V DUHD LQ  %ODQFR0RQWHUR HW DO
 /DUJH DPRXQWV RI ZDWHU IHUWLOL]HUV DQG
SHVWLFLGHV DUH XVHG WR PDLQWDLQ WKLV DUHD LQ
VDWLVIDFWRU\ FRQGLWLRQV 7KH ELRWLF IDFWRUV WKDW
H[HUW WKH JUHDWHVW PDLQWHQDQFH SUHVVXUH LQ WKLV
VHPLDULG JHRJUDSK\ RI 1HZ 0H[LFR DUH SHVWV
SDUWLFXODUO\ WKH PDVNHG FKDIHU Cyclocephala
pasadenae &DVH\ &ROHRSWHUD 6FDUDEDHLGDH
ZKLFK RIWHQ LV FRQWUROOHG ZLWK LQVHFWLFLGHV
$OWKRXJK VHYHUDO QRQSHVWLFLGH DOWHUQDWLYHV KDYH
EHHQ GHYHORSHG DJDLQVW WKLV SHVW %ODQFR0RQWHUR
 %ODQFR0RQWHUR DQG +HUQDQGH] 
VFRXWLQJ WR GHWHUPLQH WKH DEXQGDQFH RI
DUWKURSRGV LQ VSDFH DQG WLPH LV RQH RI WKH PRVW
LPSRUWDQW DQG WLPHFRQVXPLQJ IDFWRUV LQ WKHLU
FRQWURO 3RSXODWLRQV RI VXEWHUUDQHDQ LQVHFWV VXFK
DV PDVNHG FKDIHUV DUH SDUWLFXODUO\ GLIILFXOW WR
DVVHVV WKHUHIRUH LQWHJUDWHG SHVW PDQDJHPHQW
SURJUDPV FRXOG EH JUHDWO\ LPSURYHG ZLWK DQ
DFFXUDWHDQGUHOLDEOHSUHGLFWDEOHPHWKRG
7KH GHYHORSPHQW UDWH RI HFWRWKHUPLF RUJDQLVPV LV
DIIHFWHG E\ ELRWLF IDFWRUV VXFK DV QXWULWLRQ
GLVHDVH DQG JURZWK DV ZHOO DV E\ DELRWLF
FRQGLWLRQV VXFK DV KXPLGLW\ DQG DQ RSWLPXP
WHPSHUDWXUH UDQJH 6KDUSH DQG 'H0LFKHOH 
7D\ORU  :DJQHU HW DO  +LJOH\ HW DO
 $FFXPXODWLRQ RI WHPSHUDWXUH RYHU WLPH
KDV EHHQ VXFFHVVIXOO\ XVHG DV D SUHGLFWRU RI LQVHFW
GHYHORSPHQW DQG UHVHDUFKHUV DQG SHVW PDQDJHUV
KDYH XVHG WKLV WRRO WR SUHGLFW WKH RFFXUUHQFH RI D
QXPEHU RI SHVWV 3UXHVV  :DJQHU HW DO 
+LJOH\ HW DO  &KDQJ  +DUDUL HW DO 
%RVWDQLDQ HW DO  7UDGLWLRQDOO\ GHJUHHGD\
PHWKRGV VWDUW ZLWK H[SHULPHQWV WKDW HVWDEOLVK WKH
UHODWLRQ EHWZHHQ WHPSHUDWXUH DQG WKH QXPEHU RI
GD\V QHFHVVDU\ IRU D VSHFLHV WR FRPSOHWH LWV
GHYHORSPHQW JLYHQ D IL[HG VHW RI WHPSHUDWXUH
YDOXHV 0DQ\ SXEOLFDWLRQV KDYH IRFXVHG RQ
QXPHULFDO WHFKQLTXHV WR HVWLPDWH GHJUHHGD\V
HJ OLQHDU PD[PLQ VLQH ELDVFRUUHFWHG VLQH
HWF 6RPH UHVHDUFKHUV KDYH VXJJHVWHG WKDW DOO
WKHVH WHFKQLTXHV SURGXFH HVVHQWLDOO\ VLPLODU
UHVXOWV, ZKHUHDV RWKHUV KDYH PDGH LPSRUWDQW
REVHUYDWLRQV RQ WKH OLPLWDWLRQV RI GHJUHHGD\
WKHRU\ $UQROG  6KDUSH DQG 'H0LFKHOH 
7D\ORU  :DJQHU  +LJOH\ HW DO 
+DJVWXUP  +DJVWXUQ DQG 0LOONHQ 
0DQHO DQG 'HERX]LH  %U\DQW HW DO 
$PRQJ WKHVH OLPLWDWLRQV WKH FUXFLDO RQH LV WKDW
FRQVWDQW WHPSHUDWXUHV XVHG LQ ODERUDWRU\
H[SHULPHQWDO SURFHGXUHV GLVUHJDUG QDWXUDO
YDULDWLRQV LQ WHPSHUDWXUH RFFXUULQJ XQGHU ILHOG
FRQGLWLRQV
'HJUHHGD\ WHFKQLTXHV KDYH EHHQ XVHG LQ
LQWHJUDWHG FRQWURO PHWKRGV :HJQHU DQG
1LHPF]\N  DQG WKH XVH RI WKHVH WHFKQLTXHV
LV RI SDUWLFXODU LPSRUWDQFH ZKHQ LQVHFWLFLGHV ZLWK
VKRUWHU UHVLGXDO DFWLYLW\ DUH XVHG DV SDUW RI WKH
FRQWURO VWUDWHJ\ :KHQ GHDOLQJ ZLWK VXEWHUUDQHDQ
SHVWV LQ WXUIJUDVV LW LV FUXFLDO WR WLPH WKH
DSSOLFDWLRQ RI SHVWLFLGHV WR FRLQFLGH ZLWK WKH PRVW
YXOQHUDEOH LQVHFW GHYHORSPHQWDO VWDJH DQG LQ WKLV
VHQVH D GHJUHHGD\ SUHGLFWRU PRGHO FRXOG EH DQ
H[WUHPHO\ XVHIXO WRRO C. pasadenae FRSXODWH DIWHU
DGXOW IOLJKW DQG HJJV DUH GHSRVLWHG LQ WKH WKDWFK
ZKLFK KDWFK D IHZ GD\V ODWHU /DUYDH EHJLQ WR IHHG
RQ WKH VRLOWKDWFK SURILOH DQ DUHD ZKHUH PRVW RI
WKH LQVHFWLFLGHV DFFXPXODWH +DYLQJ WKLV
VRLOWKDWFK SURILOH SURWHFWHG ZLOO HQVXUH WKDW WKLV
LQVHFW ZRXOG FRPH LQWR FRQWDFW ZLWK WKH
LQVHFWLFLGH GXULQJ LWV PRVW VXVFHSWLEOH VWDJH  WKH
HDUO\ ODUYDO LQVWDU 7KHUHIRUH SUHGLFWLQJ SHDN
DGXOW DFWLYLW\ WLPH ZRXOG PDNH FRQWURO HIIRUWV
PRUH HIILFLHQW LQ WHUPV RI ODERU DQG WLPH DQG LW
PLJKW KHOS UHGXFH WKH QXPEHU RI DSSOLFDWLRQV
QHFHVVDU\IRUWKHFRQWURORI C. pasadenae
7KH WLPH RI SHDN IOLJKWV IRU WKLV SHVW XVXDOO\
RFFXUV ZKHQ  DUH FDSWXUHG LQ OLJKW WUDSV 7R
HVWLPDWH WKLV SHDN XVLQJ WKH GHJUHHGD\ PHWKRG
OLJKW WUDS FDSWXUH GDWD ZHUH XVHG WKDW WDNH LQWR
DFFRXQW ERWK QRUPDO WHPSHUDWXUH YDULDWLRQV DQG
HQYLURQPHQWDO FRQGLWLRQV WKDW LQIOXHQFH
GHYHORSPHQW 7KH UHVXOWLQJ WUDSFDSWXUH
SUHGLFWRU PRGHO EDVHG RQ ILHOGFROOHFWHG GDWD
FRXOG SUHGLFW LQVHFW DFWLYLW\ DQG UHGXFH WKH
DPRXQW RI ODERU LQYROYHG LQ PRQLWRULQJ C.
pasadenae
Materials and Methods
Field collections
/LJKW WUDSV :IOXRUHVFHQW ZKLWH EXOE LQVWDOOHG
DW P KHLJKW ZHUH XVHG WR FROOHFW C. pasadenae
LQ ± JROI FRXUVHV DQG ZHOO PDLQWDLQHG SDUNV
WKURXJKRXW WKH $OEXTXHUTXH 1HZ 0H[LFR
PHWURSROLWDQ DUHD EHWZHHQ 0D\ DQG 6HSWHPEHU
IURP  WR  7KH QXPEHU RI FROOHFWLRQV
YDULHG EHWZHHQ \HDUV 7KHVH FDSWXUH VLWHV ZHUH
HVWDEOLVKHG DW D GLVWDQFH RI  WR  NP IURP WKH
$OEXTXHUTXH ,QWHUQDWLRQDO $LUSRUW ZKHUH DLU
WHPSHUDWXUHV XVHG LQ WKLV VWXG\ ZHUH UHFRUGHG E\
WKH 1DWLRQDO :HDWKHU 6HUYLFH 1DWLRQDO 2FHDQLF
DQG $WPRVSKHULF $GPLQLVWUDWLRQ LQIRUPDWLRQ
>12$$@ HYHU\  KRXUV 7UDSV ZHUH FKHFNHG 
WLPHV D ZHHN GXULQJ ORZ FDSWXUH GD\V EHIRUH -XO\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  DQG GDLO\ ZKHQ FDSWXUH LQFUHDVHG -XO\ DQG
$XJXVW
Mathematical techniques
7R HVWDEOLVK WHPSHUDWXUH WKUHVKROGV LQ
ODERUDWRU\FRQWUROOHG H[SHULPHQWV WHPSHUDWXUHV
DUH XVXDOO\ PDLQWDLQHG FRQVWDQW DQG WKHQ D
UHODWLRQ LV HVWDEOLVKHG EHWZHHQ WHPSHUDWXUH DQG
WKH QXPEHU RI GD\V QHFHVVDU\ IRU D VSHFLHV WR
FRPSOHWH LWV GHYHORSPHQW de ,Q PRVW FDVHV
H[SHULPHQWDO GDWD FDQ EH DSSUR[LPDWHG E\ D
VWUDLJKW OLQH ZKHQ GDWD DUH SORWWHG WR UHODWH
WHPSHUDWXUH T DQG de &OHDUO\ WKH YDULDEOH
de QHYHU YDQLVKHV VLQFH WKDW FDVH ZRXOG UHTXLUH
DQ LQILQLWH YDOXH IRU de +RZHYHU WKH
SURORQJDWLRQ RI WKH OLQH WKDW DSSUR[LPDWHV VXFK
SRLQWV GRHV LQWHUVHFW WKH DEVFLVVD D[LV 7KH YDOXH
IRU WKH WHPSHUDWXUH WKDW FRUUHVSRQGV WR WKLV
LQWHUFHSWLRQ LV XVHG DV WKH ORZHVW WKUHVKROG RI
WHPSHUDWXUH GHQRWHG E\ TL 7KH HTXDWLRQ RI WKLV
OLQHLVJHQHUDOO\ZULWWHQDV

ZKHUH K DQG m DUH SRVLWLYH FRQVWDQWV HVWLPDWHG
E\ OLQHDU UHJUHVVLRQ DQDO\VLV 6LQFH TL LV WKH YDOXH
RI WHPSHUDWXUH IRU ZKLFK de    ZH ILQG WKDW TL
  Km 7KH HTXDWLRQ WKDW DOORZV FRPSXWDWLRQ
DQG WKDW DFWXDOO\ GHILQHV WKH GHJUHHGD\V LV QRZ
XVHG

ZKHUH D0 GHQRWHV GHJUHHGD\V DIWHU d GD\V DW
FRQVWDQW WHPSHUDWXUH T 7KH FRPSXWHG YDOXH IRU
TL LVVXEVWLWXWHGWRJHW
7KH ODVW HTXDOLW\ UHVXOWV DIWHU XVLQJ  )URP KHUH
ZH FRQFOXGHG WKDW WKH GHJUHHGD\V IRU
GHYHORSPHQW FRPSOHWLRQ RI D JLYHQ VSHFLHV De
0
LV JLYHQ E\ De
0   P ZH VLPSO\ VHW d   de LQ 
:LWK WKLV UHVXOW WR SUHGLFW DERYH JURXQG
HPHUJHQFH GDWH WKH QXPEHU RI GHJUHHGD\V PXVW
EH DGGHG GD\ E\ GD\ RYHU WKH HVWLPDWHG
WKUHVKROGWRUHDFKWKHYDOXH De
0
$V VWDWHG HDUOLHU H[SHULPHQWDO PHWKRGV DUH
WUDGLWLRQDOO\ XVHG WR HVWLPDWH WZR SDUDPHWHUV WKH
ORZHU WKUHVKROG RI WHPSHUDWXUH TL DQG WKH
GHJUHHGD\V IRU HPHUJHQFH De
0 $ FRPSXWHU
SURJUDP ZDV GHYHORSHG WR HVWLPDWH WKHVH
SDUDPHWHUV XVLQJ ILHOG GDWD DVVXPLQJ WKDW
WHPSHUDWXUH LV WKH PDLQ IDFWRU LQ WKH GHYHORSPHQW
SURFHVV DQG XVLQJ  WR FRPSXWH GHJUHHGD\V
HYHQ ZKHQ ILHOG WHPSHUDWXUHV ZHUH QRW FRQVWDQW
7ZR FRQVHFXWLYH \HDUV  DQG  ZHUH
FRQVLGHUHG IRU ZKLFK WKH GDWH IRU  RI WKH
SRSXODWLRQ FDSWXUHG E\ DOO WUDSV FRXOG EH
HVWLPDWHG
6LQFH LW ZDV DVVXPHG WKDW WKH QXPEHU RI
GHJUHHGD\V QHHGHG WR FRPSOHWH WKH GHYHORSPHQW
RI D JLYHQ VSHFLHV VWDUWLQJ IURP D JLYHQ VWDQGDUG
GDWH VD\  -DQXDU\ IRU ERWK \HDUV PXVW EH WKH
VDPH WKH FRPSXWHU PRGHO EHJDQ ZLWK DQ
DUELWUDU\ ORZ HVWLPDWH RI WKH ORZHVW WKUHVKROG RI
WHPSHUDWXUH Th VD\  & 7KH PRGHO FRPSXWHG
WKH GHJUHHGD\V IRU HDFK \HDU E\ FRQYHUWLQJ WKH
RULJLQDO WHPSHUDWXUH GDWD ti WR D QHZ YDOXH TiE \
GHILQLQJ Ti=t i ï Th ZKHQHYHU ti ZDV JUHDWHU WKDQ
Th DQG ]HUR RWKHUZLVH 7KHQ WKH WUDSH]RLGDO
QXPHULFDO DSSUR[LPDWLRQ ZDV XVHG WR FDOFXODWH
WKH GHJUHHGD\V IURP  -DQXDU\ WR  -XO\ IRU
DQGIURP-DQXDU\WR-XO\IRU
7KH SURJUDP UHSODFHG Th E\ Th+1 DQG VR IRUWK
DQG IRU HDFK K\SRWKHVL]HG YDOXH LW FRPSXWHG WKH
GLIIHUHQFH EHWZHHQ WKH QXPEHU RI GHJUHHGD\V
REWDLQHG IRU ERWK \HDUV 7KURXJK WKLV PHWKRG WKH
ORZHVW WHPSHUDWXUH WKUHVKROG ZDV GHILQHG DV WKH
RQH WKDW SURGXFHG WKH PLQLPDO GLIIHUHQFH DQG WKH
GHJUHHGD\V ZHUH VHW DV WKH DYHUDJH RI WKH
FRPSXWHG YDOXHV IRU ERWK \HDUV 2EYLRXVO\ WKH
SURJUDP FDQ EH PRGLILHG WR LQFUHDVH WKH
K\SRWKHWLFDO YDOXH RI WKH ORZHU WKUHVKROG E\ DQ\
IUDFWLRQ RI WHPSHUDWXUH GHJUHHV JLYLQJ DQ\
GHVLUHGSUHFLVLRQ
)LQDOO\ WKH SUHGLFWHG GDWHV RI  RI SRSXODWLRQ
FDSWXUH LQ OLJKW WUDSV ZHUH FRPSDUHG IRU DOO WKHVH
H[SHULPHQWV DQG YDULDWLRQV ZLWK DFWXDO VDPSOHG
HPHUJHQFLHVLQDQG
Results and Discussion
$IWHU VHYHUDO PDQLSXODWLRQV ZLWK WHPSHUDWXUH
YDOXHV WR UHGXFH WKH GLVFUHSDQF\ EHWZHHQ WKH
FDOFXODWHG DQG REVHUYHG GDWHV DV PXFK DV
SRVVLEOH WKH PLQLPXP WKUHVKROG IRU C.
pasadenae ZDV PRGLILHG WR  & DQG WKH
SUHGLFWHG  FDSWXUH ZDV  GD\V IRU  DQG
 IRU  7KLV QHZ WKUHVKROG ZDV WKHQ DSSOLHG
WR  DQG  DLU WHPSHUDWXUH GDWD VHH
)LJXUHV  DQG  REWDLQLQJ  GD\V IRU  
GD\ RII DQG  GD\V IRU  ± GD\V RII 7R
SURYH WKH FRQVLVWHQF\ DQG YDOXH RI WKLV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1. $FFXPXODWHGGHJUHHGD\VIRUDORZHUWKUHVKROGRI&+RUL]RQWDOOLQHFRUUHVSRQGVWRWKHDPRXQWRI
GHJUHHGD\VWKDWPLQLPL]HVGLIIHUHQFHVEHWZHHQWKH\HDUV±IRUFDSWXUHRI Cyclocephala
pasadenae LQOLJKWWUDSV
Figure 2. $FFXPXODWHGSHUFHQWFDSWXUHRI Cyclocephala pasadenae LQOLJKWWUDSVLQ$OEXTXHUTXH1HZ0H[LFR
PHWKRGRORJ\  DQG  GDWD ZHUH XVHG DQG
WKH VDPH VHW RI UHVXOWV ZHUH REWDLQHG UHVXOWLQJ LQ
DQ RSWLPDO PLQLPXP WKUHVKROG RI  & 7KLV
FRPSDUHV IDYRUDEO\ ZLWK WKH
WKHRUHWLFDOO\FDOFXODWHG PLQLPXP WKUHVKROG RI
 & REWDLQHG ZLWK WKH VRXWKHUQ PDVNHG
FKDIHU Cyclocephala immaculata 2OLYLHU WKDW LV
YHU\ VLPLODU LQ WHUPV RI VL]H DQG YROXPH WR C.
pasadenae 3RWWHU
7KH YDOXHV REWDLQHG E\ WKLV PHWKRG SURYLGH DQ
DFFXUDWH GDWH IRU SHVW FRQWURO GHFLVLRQV IRU
SUDFWLFDO SXUSRVHV RI IRUHFDVWLQJ WKH FDSWXUH RI
 RI C. pasadenae 6WXGLHV GRQH ZLWK VLPLODU
WHFKQLTXHV *RRGHQRXJK HW DO  0DLOORX[ HW
DO  0DQHO DQG 'HERX]LH  %RVWDQLDQ HW
DO  (VNHU DQG 1XWWHU  KDYH IRXQG
VLPLODU UHVXOWV ZLWK GLVFUHSDQFLHV XS WR  GD\V
,Q )LJXUH  WKH DFFXPXODWHG FDSWXUH IROORZV D
ORJLVWLF FXUYH 7KHUHIRUH  RI WKH FDSWXUHG
SRSXODWLRQ FRUUHVSRQGV WR WKH PD[LPXP UDWH RI
LQFUHPHQW LQ FDSWXUH WKDW LV KLJKHU FDSWXUH
YDOXHV DUH REWDLQHG DURXQG WKLV GDWH PRVWO\
LPPHGLDWHO\DIWHULW
)LQGLQJ D VOLJKWO\ GLIIHUHQW ORZHU WKUHVKROG DQG D
ORZHU QXPEHU RI DFFXPXODWHG GHJUHH GD\V IURP
ZKDW ZDV UHSRUWHG IRU C. immaculata 3RWWHU
 FRXOG KDYH UHVXOWHG IURP WKH IROORZLQJ
FKDQJHV )LUVW DLU WHPSHUDWXUH YDOXHV ZHUH XVHG
LQVWHDG RI VRLO WHPSHUDWXUH 7KLV GHFLVLRQ ZDV
WDNHQ IRU SUDFWLFDO UHDVRQV VLQFH DLU WHPSHUDWXUH
GDWD DUH HDVLHU WR REWDLQ WKURXJK ZHDWKHU VHUYLFHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DJHQFLHV 7KH VHFRQG IDFWRU LV WKDW GHYHORSPHQW
IURP HJJ WR DGXOW HPHUJHQFH LV QRW FRQVLGHUHG DV
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FKDIHU KDV DOUHDG\ UHDFKHG WKH ODUYDO VWDJH
)LQDOO\ HPHUJHQFH IURP SXSDH WR DGXOWV LV QRW
UHFRUGHG DV WKH SRSXODWLRQ RI IO\LQJ DGXOWV LV
VLPSO\ UHFRUGHG 7KH EDVLF SULQFLSOHV RI WKH
GHJUHHGD\ PHWKRG ZHUH XVHG EXW ZLWK WKH DLP RI
SUHGLFWLQJ SHDN FDSWXUH GDWHV 3UHFLVHO\ EHFDXVH
WKH H[SHULPHQW EHJDQ LQ -DQXDU\ DQG HJJV ZHUH
ODLG WKH SUHYLRXV \HDU DW GLIIHUHQW GDWHV ODUYDH
ZHUH DW GLIIHUHQW GHYHORSPHQWDO VWDJHV 7KLV
PLJKW EH D IDFWRU WKDW ZRXOG DFFRXQW IRU
GHYLDWLRQV IURP RXU SUHGLFWHG YDOXHV 7KH
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WKDW LW GRHV QRW LQYROYH WKH QHHG WR PDLQWDLQ
RUJDQLVPV XQGHU FRQVWDQW WHPSHUDWXUHV RU
DUWLILFLDO GLHW ,WV DGYDQWDJH LV WKDW LW FDQ XWLOL]H
ILHOG GDWD REWDLQHG GXULQJ D PLQLPXP RI  \HDUV
RU  QRQRYHUODSSLQJ LQVHFW JHQHUDWLRQV
RYHUFRPLQJ WKH SRWHQWLDO GLIILFXOWLHV RI UHDULQJ
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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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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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 IRXQG WKDW UDLQ RFFXUUHQFH ZDV
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§ 
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 DQG  FP DV
PRQWKO\ DYHUDJH IRU -XO\ DQG $XJXVW UHVSHFWLYHO\
IRU  WR  ZDV QRW HQRXJK WR SURGXFH D
SK\VLRORJLFDO DQGRU EHKDYLRUDO UHVSRQVH 6LPLODU
REVHUYDWLRQV KDYH EHHQ DOVR PDGH E\ 6WRQH 
DQG 5RGUtJXH]GHO%RVTXH  VWXG\LQJ RWKHU
VFDUDEEHHWOHV
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6KDUSH HW DO 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WR IRUHFDVW DGXOW FDSWXUHV RI VXEWHUUDQHDQ SHVWV LV
DQRWKHU XVHIXO DSSOLFDWLRQ RI WKLV WRRO +RZHYHU
RWKHU XQGHWHUPLQHG IDFWRUV WKDW DUH DV \HW
XQFOHDU LQWHUIHUHG ZLWK JHWWLQJ D PRUH SUHFLVH
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H[WUDSRODWHGLQWRDPRGHO
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